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ABSTRACT
ExtnE T UE Y

This report covers the period 17 June 1963 to 1
NAS 8-5438, which calls for twelve HUALn" £ e
a high temperature thermccouple

temperatures in the 3000°C temperature rant
4 shook.
i Liminiary
necessafy to cevelopment of the Tirst of
delivered at four month intervals.

The primery objectives of the
of high temperature thermonsivy.
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3.0

3.1

3.2

Report No. T-1097-1

SECTION ITI

CURRENT PROGRESS

General

The current reporting period was devoted principally to investi-
gations prerequisite to selection of a design approach for the

i livered under the contract.
first group of four gauges to be de

Objectives

Form
The attitude of the gauge relative To flcw is Important to the
designer, when the performance objectives ol life, response, re-
sistance to oxidation, ercsion, shook, vibration, and loads caused
by immersion in the flow are conside

There are essentially three conditions of attitude relative to
flow to be considered: °

a. With the gauge mounted Transverse To flow, and with fiow
: impingement normal to the longitudinal centerline ¢I the gauge.

b. With the gauge mounted such that flow is parallel to the
longitudinal centerline of the gauge, with the medium impinging
on its tip.

c. With the gauge mounted such that the flow is turbulent, stagnated,
or with unprediciable fiow vector

~
D e
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3.2.1 Transverse or Parallel Mounting

If it develops that the gauges will be mounted in a medium with a
well-established and defined flow pattern, it follows that attain-
ment of the different design oogeclees will be af fected as
described in the following paragraphs.

3.2.1.1 Discussion
If the gauge. is mounted ei
flow, response to a step-functi
1nversely related to the mass ve c1
Junction. Response is alsc a f
structure and the junction,
materials. Thus, the mos<T
are those of high velocity
thermal transfer characre:
the gauge is mounted In
low flow, response is pred
its structure, and the €
. Thus, the designer is on
the requirement oif designr
ments: i.e no flow, and hich
further faced with another di s
life of the gauge by employ;un a st
mass veliccity flow, If he is to mee’
in a no-ilow condition. A low-mas
under no-flow, simply does not lend
mass velocity medium because oif the
and oxidation.
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There is,
of vibra

flow, or parallel to
temperature will be
ty seen in the region of the

the mass of the tip
iffusivity of the
cns for fast response
gauge tip, and good
meterials. If, conversely,
re There is no Tlow, or very
. the mass oi tae 3u1ction and
cteristics of the materials.
i a diiemma if he is faced with
to satisfy both general reguire-
elocity. In addition, he is
in that he can not extend the
ucture of high mass in a high
the fast response regquirement
struciture, with fast response
itself to Immersion in a high
accelerated effects of erosion

additionally, the requirement oi resistance to the effects
tion and shock to be consider

ed. The desirable structure

would have a small cantilever, with decreasing mass from the base to
the tip, a natural frequency of the basic structure outside the
vibraiion spectrum tc ke encountered, and high internal damping.

Page 5
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3.2.1.1 Discussion Cont...

3.2.2

3.3

3.3.1

For resistance to bending and she“” forces developed during exposure
to high velocity flows, the immersed portion of the gauge should
have a geometry which incorpor tes low drag characteristics over a
wide range of mach numbers, from subsonic to supersonic. Since the
local velocity of sound in a given medium is related only to tempera-
ture, a preliminary investigation of the mach numbers likely to be
encountered was made, and is presented in Appendix "A". Sugzgested
cross-sectional shapes suitable for immersion in the flow are the
double wedge, single wedge, and biconvex. It is felt that further
exploration of this consideration should be withheld until after a
general discussion is held with NASA technical personnel to resolve
specific questions concerning the installation and the medium.

No-Flow Considerations

It is apparent that tTiic response of e gzuge will have to meet
certa¢n minimum recuirements. Under no-Ilow, or unpredictably

urbulent conditions, designing for fast response presents an
entlrely different se“ of problems. As was stated in Para. 3.2.1.1
above, it iIs felt that this area should be discussed with NASA
personnel before proceeding.

Oxidation Resistant Coatings

The oxidation resistant coatings employed in previous types of
gauges may be grouped in three distinct categories:

a. Plasma sprayed coatings.
b. Diffused coatings.

c¢. Intumescent coatings.

Plasma Sprayed Coatings

Various plasma sprayed high temperature oxides have been given a
great deal of testing in the past, under operating conditions very
similar to those anticipated in this program. They have been

Page ©
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3.3.1

3.3.2

3.3.3

3.4

Plasma Sprayed Coatings Cont...

successful except that they all have a characteristic of chipping

due to erosion and thermal stresses. Additionally, their presence
has been determined as being contributary to poor response. Upon
exposure of the substrate, failure has been quite rapid. Therefore,
such coatings are presently regarded as not suitable for this project.

Diffused Coatings

In the ACL Type #4734 gauges, tungsten disilicide, boron nitride,

and other silicon compounds were applied to the tungsten sheaths

by either gaseous diffusion, or by the pack process. These coatings
have apparently retarded the severe oxidation normally seen in
tungsten exposed to highly oxidizing, high temperature media. In
researching these coatings, there is eariy indication that another
group of materials, the zirconates, may offer some advantages. A
more complete discussion of these coatings will be included in the
next report.

Intumescent Coatings

an ability to withstand

ngs nave demonstrated
r ions of use for protracted
Ranlag

i rat
exposure to the required severe conditi
periods of time. They are, however, difficult to apply uniformly
and tend to thermally insulate the structure by virtue of surface
charring. More information concerning some possible uses in this
program will be included in the next report.

2}
2 M U

Electrical Insulation

As of the date of this report, no new information as regards a
type of electrical insulation for use at high temperature hds been
discovered.

=~

One report, concerning Samarium oxide, was translated from a report
written in Germany. Results of this investigation were negative in

that the material exhibited a melting temperature lower than Beryllium

oxide.

e - o A 5L 15



3.4

Electrical Insulation Cont...

Investigations will continue in this area, and results will be
presented in succeeding reports.

Page 8



4.0

Report No. T-1087-1

SECTION IV

PROGRAM FOR NEXT INTERVAL

Objectives for the interval 1 July 1963 to 1 August 1963 will
in

include the followi

a.

g

Develop and select a suitable form for the immersed portion
of the first three prototype gauges.

Visit NASA, Huntsville, to discuss details of the gauge
installation, and available packground data with responsible
NASA techn¢cal personnel.

cosgnned, roview the overall objectives

In eonjunction wiin 0.8 <
a shi milestones and schedules for their

of the project and est
accomplishment.

Continue investigations into electrical insulation, directed
toward:

(1.) The possibility of developing an optimim depth of insulation.

{(2.) Research for an insulator capable of operation at tempera-
tures higher than 2480°C

(3.) Investigate the possibility oI developing a configuration
requiring no insulation.

Review results of tests performed by NASA on ACL Type 4734
gauges .

{(1.) Comparc results of each individual test rum with serial
numbers on gauges. Check against internal construction
analyze results.

L]

(2.) Prepare family of tungsten test samples and investigate
oxidation resistance.

Page S




4.0. Cont...

f. Begin

investigations into physical strength of selected gauge

configurations.

(x.)
(2.)
3.)
()
.)

g. Start

h. Start

Resistance to bending.
Resistaﬁce to shear.
Resistance to vibration.
Resistance to shock.

On basis of above, choose a configuration for first four
gauges.

development of a base and mounting configuration.

investigations of Compensatec Lead Wire.

Page 10




Report No. T-1097-1

STATEMENT OF MAN-HCURS

Hours by Category

The expenditure of man-hours during the reporting period, and a
recapitulation is presented in tabular form below.

Previous Current To
Category ’ Period Period Date
Engineering o 62.5 | 62.5
Clerical O 4.0 4.0
Fabrication G 8] 0
Consulting O G 0
Drafting 0 0 0

Page 11



Report No. T-1007-1

APPENDIX "A™

THE FREE-STANDING SHAPE VS. FLOW

GENERAL

It is felt, at this stage of the program, that the geometry of

the immersed portion of the probe will very heavily influence

the internal design features because of physical spacing available.
Therefore, a preliminary investigation of free-standing shapes for
the flow field was started. Results of this investigation are given
below. '

a.

Mach Numbers in the Flow

Cp e ' .
The == of the pedium is not presently known. Moreover, it is

not ngwn how =2 wili vary, witn,fime and temperature. Therefore,
values of M weré calculated for =2 from 1.0 to 1.5, Absolute
Temperatures from 773°C to 3273°CY and local velocities of 1000
to 5000 feet per second.

Local speed of sounc was calculated with the following relation-
ship; which gives exact values.

al =G RT

Where:

a = local speed of sound, feet per
second

. - e - D

Y = ratio of specific heats, v
dimensionless

R = universal gas constant, dimensionless

i o
Tp = temperature, C absolute

Mach numbers for M = V/a at discrete values of T, and V were then
calculated, and the data was plotted as a complex graph, (See
Figure 1) from which could be taken the local Mach number for any

Page 12

i
K
i
4
i
4
i

TR e MR B

a7



Mach Numbers in the Flow Cont...

combination of parameters given above. It is seen, from the
graph of Figure 1, that if the extremes of conditions within
the total envelope of the values selected for calculation were
encountered, the local Mach number could vary from M = 3.25
at ¥ = 1.0, V = 5000 ft/sec and T, = 773°C to M = .25 at
¥= 1.5, V = 1000 ft/sec, and Ty = 3273°C. .
It is realized that suchk wide variations will not be seen under
actual stabilized flow conditions. IHowever, it is expected that
actual Mach numbers will Talil within the calculated envelope.
It is seen, moreover, that fluctuations in any parameter can
shift the Mach number by a considerable amount, and that resolution
of the operational proiile must be accomplished before a final
selection of the geometry of the free-standing member can be made,
if a minimum - drag, maximum scre’f”n probe is desired. It Is
likewise apparent Ln:t designn of sucn a probe for accommodation
of all parameters wilil be extremely unlikely, if not impossible.
Jy 3T chesize a probe cross-section to
hich would exemplify desirable
widely 1ldc uating flow field.

d.
it is possible, no
operate within the
characteristics in
THE HYPOTHETICAL PROBE
a. General

It will be assumed, in this discussion, that:
1.) Maximum temperature = 3000°C

2.) Maximum velocity = 5000 ft/sec

3.) %% = 1.4 (approximately)

This set of parameiers yields o Mach regime from about M
to M = 1.5 as the absolute temperature changes from about
1273°C to 3273°C.

]
.
w

Since the flow may be expected, then, to fluctuate from subsoni
to supersonic, the character of the reaction of a member immersed
in both subsonic and supersonic flow must be considered. First,

. Page 13




General Cont...

the nature of the mathematical eguations used to estimate
coefficients of process will change from elliptical at sub-
sonic flow ti parabolic at supersonic flow, which changes
the (M /2 term of such equations from imaginary to
real. ThlS represents a fundamental change in flow pattern,
which says that, at supersonic velocities, no warning of the
presence of a solid body is transmitted ahead of the body.

It can be shown that, in accordance with Ackeret's first

order theory, drag anc¢ increase of drag with incidence retain
the same sign as at subsonic ~aocda . lHewevsvy, the anele o7

supeprsenie Flow

It can be further shown that the single or double wedge is a
desirable cross sectional shape for immersion in a supersonic

flow, when minimum drag is a primary consideration, although

such a shape, examined under two-dimensional theory, exhibits
undersirable 1ift characteristics. Since design requirements

need not be concernec with 1ift,a shape exhibiting low drag

and poor 1lift under both sutsonic .and supersonic flow is indicated.
A properly designed wedge or double wedge may satisfy these
conditions.

(1.) Double Wedaze {Zhombus)

It is assumed Ior puvvoses of discussion that streamlines
in the flow can be represented with a set of parallel,
equidistant lines. These iines will be deviated until

they are parallel to the entering surfaces of the rhombus
by the attached shock. The flow continues parallel to each
surface until it arrives at the beginning of the expansion
around the point of waximum thickness. As the flow goes
through the expansion, it is swung around the corner,
increasing speed and decreasing pressure until the Mach
angle in the faster flow on the rear surface is attained.
The expansion then ceases, and the flow continues parallel
until the compression shock at the trailing edge is reached.

Page 14
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(1.) Double Wedge (Rhombus) Cont...

The flow is then turned parallel with the original
undisturbed streamlines. This process obtains for both b
sides of the rhombus, and the flow from both sides joins
without discontinuity. This does not mean, however, that
forces cancel and zero drag results. To the contrary,

the radiation of pressure waves requires energy, and shows
up as wave drag. '

i e ey s

(2.) Single Wedge

The general arguments applicable to the symmetrical ﬂ
double wedge apply as well to the single wedge, under H
first order Ackeret theory. Im the case where a bluff
trailing edge is employed in the single wedge, a friction 3
wake develops. The absclute pressure over the bluff base !
can not be calculated because of breakaway of flow, but it
has been measured. “These values have been used, then, in ,
calculating drag coeificients for various thickness to chord i
(t/c) ratios which indicate that the single wedge offers an |
advantace over the double wedge for ratios over 12%. Ratios §
of absolute base pressure to free stream static pressure in ;
the order of 1/3 have been measured in wind tunnel tests at :
Mach numbers near 1.5. It can also be shown that, even
with a vacuum on the base of a single wedge, the critical
ratio is only 20%, above which a considerazble advantage in
reduction of drag, as compared with the double wedge, is
realized.

3. A sketch, showing pictorially the various conditions discussed above,
is presented in Figure 2.
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DOUB!LE | WeDGE (RHOMBUS)

SINGLE  WEDGE

POSSIBLE  TWO-DIMENTIONAL SHAPES

FIGURE NO. O
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